We reviewed 52 children, born between 1974 and 1985 with spina bifida affecting L3 and L4, who had dislocated hips. Their motor function was stable and they were able to walk at the time of dislocation. They were interviewed and examined physically and radiologically. Patients with failed operations had worse function than those who were not operated on. The benefit of surgical relocation of the dislocated hips was marginal.
Between 30% and 50% of children with spina bifida have a dislocated hip, but it is rarely painful. Operative treatment aims to improve function (Carroll and Sharrard 1972; De Souza and Carroll 1976; Lee and Carroll 1985; Beaty and Canale 1990 ), but little is gained if the child cannot walk or has a lesion at thoracic or upper lumbar levels (Asher and Olson 1983; Beaty and Canale 1990; Crandall, Birkebak and Winter 1989) .
The place of operation in the child who can walk is uncertain. Some authors have suggested that surgical relocation is indicated in most of these patients (Lee and Carroll 1985) ; others state that it is only helpful in producing a level pelvis or improving the range of movement (Feiwell, Sakai and Blatt 1978; Asher and Olson 1983) , while some believe that it is never indicated (Crandall et al 1989) .
Relocation may reduce contracture, correct leg length and improve the strength of the hip musculature, but operations may be complicated by redislocation and stiffness. Observed rates of redislocation vary between 4% (Lee and Carroll 1985) and 40% (Feiwell et al 1978) and interference with function due to stiffness has been reported in almost one-third of patients after surgical treatment (Feiwell et al 1978) .
There are several reasons for the disparity between results (Hoffer et al 1973; Barden, Meyer and Stelling 1975; Feiwell et al 1978; Asher and Olson 1983; Stillwell and Menelaus 1983; Lee and Carroll 1985; Crandall et al 1989; Keggi, Banta and Walton 1992) . First, the level of motor involvement is the major determinant of function and may have differed between studies. Function may have been assessed using non-standardised measures or focused exclusively on walking ability. Finally, most studies have not included an untreated group for comparison.
Patients whose ability to walk is borderline with motor involvement at lower L3 and L4 may derive the most benefit from stability of the hip (Lee and Carroll 1985; Beaty and Canale 1990) ; this group is most likely to have hip dislocation. We compared function, range of motion, leg-length discrepancy, and the metabolic energy used in walking in patients with lesions at L3 and L4 who had had operative relocation of the hip with those treated conservatively.
PATIENTS AND METHODS
The records of all patients with spina bifida treated at The Hospital for Sick Children or the Hugh MacMillian Rehabilitation Centre who were born between 1974 and 1985 were examined to identify all patients with spina bifida at the lower lumbar level. Children with bilateral lesions at L3 and at L4, and those with L3 involvement on one side and L4 on the other were selected, provided that they could walk at the time that the hip dislocated. Details of the surgical treatment were obtained from the records of The Hospital for Sick Children. Acetabular procedures included acetabuloplasties, Chiari osteotomies, or a Chiari osteotomy combined with a shelf operation. Muscle-balancing procedures included a transfer of the iliopsoas (Sharrard) or an external abdominal oblique transfer to the greater trochanter. The type and duration of postoperative immobilisation were noted. The reasons for following a particular treatment were often not clear from the notes. The children had been seen in a multidisciplinary clinic mostly by more than one consultant.
We identified 59 suitable patients. Four could not be contacted and another three had undergone operations in the previous four months which were not related to their hips, and were unable to participate. Forty-six (78%) therefore returned for examination. An additional six (10%) were interviewed by telephone and the physical findings obtained from their most recent clinic visit. All questionnaires were completed by the patient and at least one parent or guardian with the assistance of one of the investigators.
Thirty-four of the 52 patients had bilateral L4 involvement, 12 had mixed L3 and L4, and 6 bilateral L3 (Table I) . Seventeen had had a unilateral dislocation and 35 had dislocations on both sides. Thirty had been treated by operation and 22 conservatively. The two groups were similar when the dislocation had been diagnosed, but there was a trend towards higher levels of motor involvement in the conservative group (p = 0.10). Of the seven patients not available for review, four had been treated by operation; three had bilateral L4 involvement, one had mixed levels, and three had bilateral lesions at L3. Both groups had similar ranges of motion at the knees, a similar incidence of scoliosis and of surgical treatment for it, and comparable use of orthotics. In both, a similar number of non-orthopaedic surgical procedures had been performed, excluding sac closure. All had had the sac closed in the first days after birth.
We determined the patients' functional ability and performed a physical and radiological examination. We used three self-reporting methods of functional assessment: the Rand Health Insurance Study questionnaire (HIS), the Childhood Health Assessment questionnaire (CHAQ), and the level of walking as described by Hoffer et al (1973) .
The HIS physical function subscale (Cadman et al 1986; Wesson et al 1989) consists of 13 questions on the ability to perform specific tasks, mostly involving the lower limb. The CHAQ (Singh et al 1994) Number with scoliosis >25°18 11
Number with spinal fusion 8 6
Number using AFO* 26 18
Number using KAFO* 3 4
Mean knee extension (degrees) -8 -10
Mean knee flexion (degrees) 92 103
Number having non-orthopaedic surgery (excluding sac closure): Neurosurgery 12 10 Urological 8 8
* AFO = ankle-foot orthosis; KAFO = knee-ankle-foot orthosis tasks divided into eight categories which the patient ranks by how 'difficult' they are to perform. It is scored by summing the highest score in each of eight categories; a score of 32 indicates maximal disability. The functional levels of walking were graded from 0 to 3 as community walkers, walking within the household, functional walkers, or wheelchair-bound respectively (Hoffer et al 1973) .
Physical examination determined the range of motion of the hips, leg-length discrepancy, range of motion of the knees, the presence of scoliosis, and muscle strength. The neurological level of motor involvement was evaluated by manual testing of muscle strength. The type of orthotic support used was also recorded. All the patients were evaluated by a neurosurgeon to diagnose any additional CNS abnormality such as shunt malfunction or a tethered cord. Those who had a redislocation after operation had an MRI or myelogram to assess tethering of the cord.
The radiographs of the hips were graded as dislocated, subluxated (more than 50% uncovered), (Crandall et al 1989) , or located. Subluxated or dislocated hips were classed as surgical failures.
We measured the metabolic energy utilised in walking on a subgroup of 12 patients with bilateral involvement at L4 and a habitual reciprocal gait pattern using two crutches. These were selected to minimise the effect of the neurological level on energy utilisation (McClenaghan et al 1989) , since energy utilisation in spina bifida varies with gait pattern (Flandry et al 1986) . Resting oxygen consumption was measured with the patients sitting in a comfortable chair. They then walked at a steady pace around a 50 m indoor track for at least six minutes. A Beckmann metabolic cart was wheeled alongside the patient and their oxygen consumption was measured every 30 s, then recorded for a two-minute period of walking after the respiratory and heart rates had stabilised. The speed of walking was determined and a telemetric ECG used to measure heart rate. Net oxygen consumption was calculated as ml O 2 /kg/min and net efficiency was calculated as ml O 2 /kg/m.
Statistical analysis was performed using Statview (Abacus Concepts, Berkeley, California). The groups were compared using the two-sample t-test with a significance level of 0.05. Linear correlations were calculated using Pearson's correlation coefficient.
RESULTS
Of the 30 patients who had had operative treatment, nine were classed as failures, four with unilateral involvement and five with bilateral dislocations. In the bilateral group, one failure was bilateral and the rest on one side only, giving a total of ten failed hips, five of which were subluxated and five dislocated. Failure occurred in 31% of patients or 19% of hips (Table II) .
Neurological and radiological studies showed no abnormalities of the CNS requiring treatment in any of the patients who redislocated after operation. In the conservative group and in the operated group function did not differ significantly for HIS (8.0 v 7.8, p = 0.45), CHAQ (13 v 14, p = 0.2), and the functional level of walking (0.63 v 0.61, p = 0.05) (Table III) . Of the six patients who were no longer able to walk outdoors or in the house four (13%) were in the operated group and two (9%) in the conservative group. Calculations of sample size showed that the series had a power of 0.8 (alpha of 0.05) to demonstrate a difference of 1.6 in the HIS, 2.0 in the CHAQ, and 0.6 in functional level of walking.
The range of internal and external rotation in the conservative group was significantly higher than in the operated group (40° internal (SD = 19) and 42° (SD = 19) external rotation v 24° (SD = 16) and 27° (SD = 14), p = 0.005). The fixed-flexion deformity (17° v 11° (SD = 15 and 13, respectively) and maximal flexion (102° v 96°, SD = 22 and 11, respectively) did not differ significantly between the groups. The average leg-length discrepancy was greater in the operated group than in the conservative group (2.3 v 1.0 cm, SD = 2.0 and 1.0 respectively, p = 0.02). In the former this was due in part to the failed patients, with an average discrepancy of 3.9 cm (SD = 3.6) in the group in whom operation had failed and 1.5 cm (SD = 2.0) in the group with a successful result (p = 0.06). The range of motion in the conservative group was not Operated 7.8 ± 2.5 14.0 ± 3.6 26 4 Unilateral 6.5 ± 2.5 14.5 ± 2.6 10 1 Successful 8.8 ± 1.7 12.6 ± 2.2 20 1 Failed 6.1 ± 3.6 14.0 ± 3.5 6 3 * number walking outdoors and indoors † number of functional and non-walkers significantly different from that at the time the dislocation had been noticed and that at review, except for a reduction in maximal flexion (fixed-flexion deformity 24° v 17°, SD = 19 and 15, respectively, p = 0.15; maximal flexion 119° v 102°, SD = 26 and 22, respectively, p = 0.03; abduction 39° v 33°, SD = 16 and 14 respectively, p = 0.15). In the operated group, the fixed-flexion deformity was 14°( SD = 18) at the time of dislocation and 11° (SD = 9) when last examined (p = 0.3), maximal flexion 110° v 98°( SD = 22 and 11, respectively, p = 0.005), and abduction 54°v 29° (SD = 18 and 12, respectively, p = 0.001). The successful surgical patients had a higher level of function than did those in whom operation had failed (8.8°v
6.1°, p = 0.025) ( Table III) . Three of the four patients in the operated group who were no longer able to walk outdoors or in the house had operations which had failed. The function score after successful surgery was higher than the HIS score for the conservative group (8.8 v 8.0, p = 0.15). HIS scores did not correlate with the degree of hip-flexion deformity or leg-length discrepancy. There was a weak and non-significant correlation with neurological level (R = 0.25, p = 0.08).
The metabolic energy used showed no significant difference in speed of free paced gait or net oxygen consumption between groups (Table IV) . The surgical group had a gait which was 30% more energy-efficient (0.271 ml O 2 /kg/m) than that in the conservative group (0.361 ml O 2 /kg/m). The leg-length discrepancy and hip-flexion deformity did not correlate with the metabolic energy used. Speed, net oxygen utilisation, and efficiency were weakly related to the HIS score (R = 0.26, 0.33 and 0.14; p = 0.4, 0.3, and 0.7, respectively).
DISCUSSION
There is controversy about the role of hip stability in determining function in spina bifida. Crandall et al (1989) found no difference in ability to walk between operated and unoperated patients, but since all levels of involvement were included in this study, the effect of operation on children who could walk is not clear. Barden et al (1975) suggested that the status of the hip did not affect walking but their series was small and only nine had dislocated hips. Feiwell et al (1978) found a high rate of redislocation after surgical treatment and concluded that a level pelvis and good range of motion were more important for function than stability of the hip. Asher and Olson (1983) studied the factors associated with walking, including dislocated hips; they found that hip and pelvic deformity, independent of the status of the hip, had a significant role in patients with neurological deficits at the lower lumbar level. De Souza and Carroll (1976) concluded that patients had better function if 'orthopaedic deformity' was corrected but they listed operation as the least important of eight factors affecting walking. Lee and Carroll (1985) concluded that surgical stabilisation would maintain function in patients with adequate muscle control, but the study lacked an appropriate control group.
We found no significant difference in function between our operated and conservative groups. Operated patients, however, had decreased rotation and increased leg-length discrepancy compared with those treated conservatively. Fixed-flexion deformity and maximal flexion were not significantly different and therefore the difference in rotation between the two groups is unlikely to have clinical significance. Significant stiffness after surgery was unusual, but the range of motion did not change significantly in the conservative group from the time of dislocation until review; the dislocated hips did not become more stiff with time.
There was a failure rate of 20% in the operative group, midway between other reported rates (Carroll and Sharrard 1972; Feiwell et al 1978; Lee and Carroll 1985; Crandall et al 1989) . Children in whom surgery had failed had worse function and greater leg-length discrepancy than after a successful operation. Only one complained of hip pain, and this was after a failed operation. Failure was not associated with a particular surgeon, surgical procedure, or performance of a muscle-balancing operation. Most patients were treated by an acetabuloplasty and a Sharrard iliopsoas transfer, and comparison between treatment groups was therefore difficult. We were unable to identify any preoperative features which could predict surgical outcome. Unilateral hip dislocation has been suggested as an indication for surgical treatment, since it is believed to lead to pelvic obliquity, leg-length discrepancy, and scoliosis. Scoliosis and fixed pelvic obliquity, however, are not associated with unilateral dislocations (Keggi et al 1992) . We noted no significant difference in self-reported function, range of motion, or leg-length discrepancy between patients with unilateral dislocation when treated conservatively or by operation (Table III ).
All our patients had an energy cost of walking which was significantly higher than that for wheelchair use in spina bifida (0.19 ± 0.04 ml O 2 /kg/m) (Williams et al 1983) , but there was no difference in self-reported function. This may be because energy cost is perhaps a more sensitive measure than the self-reported functional measurements used in our study, or more likely, that function is multifactorial and efficiency is only one factor. Also, the energy needed to walk in all of our patients may be so high, much greater than that required to use a wheelchair, that an additional increase may not alter their potential function.
The lack of functional improvement in the operated group compared with those treated conservatively may be explained by the poor function after surgical failure. If all operations had been successful, such treatment may have resulted in improved function. An operation with a lower rate of failure is needed.
Our study has three potential limitations. First, the patients from each group were not matched for important characteristics at the time of deciding on treatment; many variables may contribute towards function. To minimise this bias, we chose those who could walk in the house or outdoors, from a narrow neurological level who remained stable with regard to motor examination throughout the period of study. Treatment was chosen primarily on the consultant's preferences and on the parents' wishes, rather than on any particular indication. The operated group, however, had a lower average level of involvement than the conservative group, which should give a bias towards better function in those who had an operation. Secondly, despite the relatively small number of patients, we were able to detect clinically significant differences in the energy requirements for walking and self-reported functional measures. Finally, the children were from a referral spina bifida clinic and the results may be apposite only for tertiary care centres. The high rate of surgical failure in this study is similar to that reported by other clinicians.
Patients treated without surgical relocation can achieve good function and those who undergo an operation that fails have poor function. Overall, there was no difference in function between the operated and conservative group, but the former walked more efficiently. The benefit of operation for children with lower level spina bifida and dislocated hips is marginal. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
